Introduction

C
ognitive function assessed at any age has been associated with subsequent health outcomes, [1] [2] [3] and high cognitive function has recently been proposed as a marker of successful ageing. 3 This has increased the interest in identifying factors that influence cognitive function during the life course. Socio-economic position (SEP) in early life has been associated with childhood [4] [5] [6] or midlife cognitive function [7] [8] [9] even when confounding from other early adverse circumstances, such as low birth weight or parental divorce, is taken into account, and the relation seems partly to be mediated through later-life SEP, and low SEP along with age and pathology might be one of the key predictors of age-related cognitive decline. 10 As most cohort studies only have one single measure of cognitive function, few 6, 11 have examined the influence of early-life SEP on cognitive development through adult life and the role of other potential modifiable early-life factors on the relation. Among $2000 members of the 1946 British birth cohort study followed until age 53 years, SEP adversity early in life was associated with lower cognitive ability in all ages from childhood to middle age, but long-term effects were mostly explained by the effect on childhood ability or educational attainment at age 15 years. 6, 11 The same cohort has contributed to the theory that socially related modifiable factors such as engagement in social, physical and intellectual activities during life reduce the risk of cognitive decline. 12 Thus, Richards et al. 13 showed that at age 36 years physical exercise, but not social spare-time activity, was associated with a slower rate of decline in memory between the ages of 43 and 53 years. In aged cohorts, single measures of intellectual stimulation, 14 social engagement 15 and physical exercise 16 have also been related to cognitive maintenance, but we are not aware of studies where prospective data on SEP early in life and different leisure-time activities in childhood have been analysed as predictors of cognitive development during adult life.
With this background, the aim of the present study was to examine the association of SEP in early life with cognitive function assessed at ages 12, 18 and 57 years and with change in cognitive function from young adulthood to middle age. We also explore the extent to which birth weight, maternal age and marital status at birth, childhood leisure-time activities and educational status in young adulthood explain the expected relationship. This was done as we assumed that the birth characteristics might confound, whereas leisure-time activities and education in young adulthood might mediate associations. Education at age 18 years does reflect the final educational level, and as an alternative measure of achievement, we explored the influence of adult SEP.
Methods
Study population
The Metropolit cohort is defined as the 11 532 men born in 1953 in the Copenhagen metropolitan area who were living in Denmark in 1968 when the Danish person identification system was established. The cohort has been described in detail elsewhere, 17 and figure 1 in the supplementary appendix provides an overview of the data collections used in the present study. Data from birth certificates, including information on birth dimensions and father's occupational status at the time of delivery, were manually collected from all members of the original study population in 1965. In the same year, 7987 (69.2%) of these males (12 years old) participated in a school-based survey, which included a questionnaire administered by their class teachers. The questionnaire included tests of cognition and enquiries regarding leisure-time activities. For decades, nearly all Danish men at age 18 years have been required to appear before the draft board and complete a cognitive test-the Børge Priens Prøve (BPP) 18 -and an examination by a medical doctor. In 2004, this information was collected manually from all Danish conscript district registers for 11 108 (96.3%) Metropolit cohort members. In the same year, 6292 cohort members responded to a mailed questionnaire on health and lifestyle. In 2009-11, the Copenhagen Ageing Midlife Biobank (CAMB) was established, and members of the Metropolit cohort still alive and living in the eastern part of Denmark (Zealand, Funen and surrounding islands) were invited to participate in a health and cognitive examination at the National Research Centre for the Working Environment. 19 Of the 7799 eligible cohort members, 2486 participated in the health examination. The study has been approved by the Danish Data Inspection.
Measurements
Outcome: Cognitive function at ages 12, 18 and 57 years
From the school questionnaire in 1965, we used the data from the Härnquist test battery, which consisted of three subtests with geometric figures, number series and verbal analogies. In the first subtest, the task was to choose one of four alternative 3-dimensional figures, which corresponded to a flat 2-dimensional template. In the second subtest, the task was to work out the logic order of a series of 6 numbers, while in the verbal subtest, the subject had to identify one word from four alternatives, with the opposite meaning of a given word. Each subtest comprised 40 problems, and a correct answer counted 1 point. Thus, the range of the subtest scores was 0-40 points, and the range of the combined total score was 0-120 points (higher score indicating higher psychometric intelligence).
The 45-minute BPP measured at the draft board comprises four categories: letter matrices, verbal analogies, number series and geometric figures. The score is the total number of correct answers for 78 questions. 20 The test has been shown to correlate, 0.82, with the Wechsler Adult Intelligence Scale. 18 At the CAMB follow-up, cognitive function was assessed with the Intelligenz-Struktur-Test (I-S-T 2000R). This is a paper-and-pencil test, which requires only minimal instruction and is therefore well suited to population studies. 21 We used three of nine subtests. These comprised sentence completion, verbal analogies and number series. A short version of the I-S-T 2000R was administered because of limited time for testing, and predominantly verbal subtests were selected because the primary aim was to establish a baseline for later follow-up studies of age-related changes in cognitive function.
The three tests included corresponding tests of verbal and arithmetic (number series) skills, while only the Härnquist and BPP also tested spatial skills (geometric figures).
We had complete cognitive test scores measured at ages 12, 18 and 57 years for 7906 (68.6%), 10 246 (88.8%) and 2483 (21.5%) of the Metropolit cohort, respectively.
Exposure: SEP early in life SEP in early life was measured by father's occupational social class at participant's birth. This information had been coded in 23 categories, and in the present study was recoded into four categories: self-employed or salaried worker, unskilled worker, skilled worker and unknown. This might be an early stage of some fathers' career, and thus is not representative for the social circumstances most of childhood. However, the data set also included information on the occupation of the father, reported by study members during the 1965 school survey and coded in the same 23 categories as the above social class variable. Father's social class in 1965 showed the same pattern of associations as the information from birth, and because it was available for nearly all cohort members, we decided to use this variable in the analyses.
Potential explanatory variables
From the birth records, we also used information regarding mother's age, marital status at the time of delivery and birth weight. The marital status of the mother at the time of delivery was coded in two categories: married and unmarried (i.e. single, divorced or widowed). Birth weight was recorded in 100 g categories and was initially analysed as a continuous variable in five categories (<2500, 2500-2900, 3000-3400, 3500-3900 and 4000+ g). These initial analyses showed similar estimates for the categories >2500 g, and consequently these categories were collapsed.
Leisure-time activities at age 12 years were measured by 33 different items from the school survey identifying preferred activities. We included the following 15 activities: five reflecting sports or vigorous activities (football, handball, sailing, swimming and gym), five intellectual activities [reading (i) literature, (ii) technical books, (iii) books about animals, (iv) books about history (v) books about physics and chemistry] and five social engagements (to be at home with friends, to be at home with family, to meet with friends, to attend evening school and to visit a youth club). A total score ranging from 0 to 5 was obtained by summing these items for the five physical, five intellectual and five social activities. Preliminary analyses suggested linear associations of the three activity measures with cognitive function at all three ages, and they were consequently included as continuous variables in the statistical models. The school survey also included some open-ended questions on preferred school subject and leisure-time activity. However, although the historical data, in general, were well documented through codebooks, we were not able to track the precise rules for coding these variables and did not use them for analyses.
The draft board educational attainment score was registered on a scale ranging from leaving school after seventh grade (basic education) to the highest school level (Studentereksamen), corresponding high school examination. This educational measure primarily reflects school education, and it was recoded into two categories (basic and all other education).
The follow-up survey in 2004 included questions on cohort members' occupation and number of subordinates. This information was classified into five social classes, with class I as the highest. The highest social classes (I and II) consisted of university graduates, self-employed assumed to have >5 employees and salaried employees. A middle class included self-employed with a maximum of five employees and salaried employees with less than subordinates or with specialist work. Social classes IV and V included salaried employees, skilled and unskilled manual workers.
Statistical analysis
Firstly, father's social class and other covariables were analysed in simple linear regression models, with cognitive function at ages 12, 18 and 57 years as outcome. To compare the effects of the cognitive test scores at ages 12, 18 and 57 years, measures at all three ages were standardized (the distance of x from score mean), measured in units of the standard deviation). Secondly, we conducted a series of multivariable analyses to evaluate the mutually adjusted effects of the covariables (mother's age, marital status, birth weight, preferred childhood leisure-time activity and education) on associations between childhood SEP and each of the three cognitive test scores. To investigate the influence of early-life factors on change in cognitive function between adolescence and middle age, we included the BPP test scores at age 18 years as a predictor in the regression model, with the I-S-T 2000R test scores at age 57 years as a dependent variable. In this model, the estimates reflect the influence of the independent variables on change from baseline score (at age 18 years) to test score at age 57 years. We also derived a dependent variable, which was the test score at age 57 years in centiles minus the test score at age 18 years in centiles. We repeated the analyses of change in cognitive function for the cognitive test score at age 12 years, which was measured on 1637 of those with cognitive testing at age 57 years. However, this did not add more information than shown by the test score at age 18 years, which was available for 1985 of the CAMB participants. Thus, in the present article, we only present results from the latter analyses. In total 1447 men had participated in all five data collections (figure 1), and for this subsample, we also examined the effect of adding adult SEP into the final model, with the test score at age 57 years as outcome. We examined the basic assumption for linear regression (linearity, normality and collinearity) using the diagnostic facilities in STATA.
Results
The cognitive test scores at age 57 years had high correlations with scores at age 12 years (r = 0.67) and at age 18 years (r = 0.70), and these two scores also showed a substantial bivariate correlation (r = 0.69). Table 1 shows the distribution of the cognitive test scores at ages 12, 18 and 57 years on each of the early-life characteristics and preferred childhood leisure-time activities. Having a father from the working class at birth was associated with lower cognitive scores at all three ages. Younger maternal age, having a single mother at birth or a low birth weight was also related to lower cognitive test scores. Preferred physical or social leisure activities at age 12 years were related to lower cognitive test scores at ages 12, 18 and 57 years, while those engaged in academic leisure activities scored higher (table 1 and unadjusted -values in tables 2 and 3). Father's social class explained 7-8% of the variance (the R 2 from the regression analyses) in each of the three outcomes, while the other birth characteristics explained <1%. Preferred leisure activities also explained little of the variance in the cognitive measures, while education at age 18 years was the factor explaining the most (28-47%) variance.
When birth characteristics, childhood leisure activities and educational status were included into the regression model with earlylife SEP, the estimates for the latter were attenuated but remained significantly associated with cognitive scores at ages 12, 18 (table 2) and 57 years (table 3) . In analyses with all covariables included in the model, educational status at age 18 years explained nearly all the effects of early-life SEP on the cognitive score. Apart from maternal age, all the covariables were independently associated with cognitive function in both childhood and young adulthood, while cognitive function in middle age was predicted by father's social class, preferred childhood leisure activities and educational level in young adulthood. The association with academic activities was positive, whereas the association with social activities was negative (table 3, middle column). In the subsample of cohort members who had also participated in the survey in 2004, most estimates in the final model were nearly the same as those seen in table 3, and when adult SEP was entered into the model, the estimates were further attenuated but, except for intellectual activities, remained significantly associated with middle age cognitive function (table 4) .
To explore predictors of change in test scores between the ages 18 and 57 years, the BPP score at age 18 years was included as a predictor in the model with all the other predictors and with the I-S-T 2000R at age 57 years as outcome (table 3, last column). This analysis showed that having an unskilled father (À0.13 SD), low education (À0.37 SD) and preferring many social leisure activities during childhood (À0.09 SD) were associated with decline in cognitive function from age 18 to 57 years, whereas preferring many intellectual activities (0.06 SD) indicated a positive development. Adding adult SEP to the model further attenuated the relations (table 4) .
Discussion
The data collected at birth and childhood for this Danish male cohort showed that SEP early in life is associated with cognitive function at ages 12, 18 and 57 years, as well as with changes in cognition between young adulthood and middle age. Educational status at age 18 years and adult SEP seemed to explain most of the association between early-life SEP and cognitive function, while birth characteristics and childhood leisure activities had a minor influence. Apart from maternal age, all covariables were independently associated with cognitive function in both childhood and young adulthood, while preferring intellectual and social activities in childhood, educational status and adult SEP predicted cognitive function in middle age and decline in function between ages 18 and 57 years. We found a 1-1.5-SD difference in cognitive scores between the highest and lowest educated, which might have implications for later health, as a 1-SD advantage in cognitive function has been associated with a 25% lower risk of mortality in later life. 2 Previous studies also showed that most of the influence of SEP in early life on cognitive function later in life was mediated through later measures of SEP. [6] [7] [8] [9] 22 This suggests that our measure of education may be associated with important non-cognitive factors such as social circumstances, lifestyle and personality characteristics, which may directly or indirectly influence cognitive function during adulthood. The fact that the association between social position in early life and cognitive function in middle age persists even after taking account for adult SEP indicates that these influences operate through different pathways and that childhood SEP is not simply a proxy for adult living conditions. The low degree of influence on the SEP-cognition relation of the socially correlated birth and childhood activity predictors of cognitive function in our study indicates that these are not the most important family factors behind the associations. Further, the fact that birth registry variables were insignificant in models with cognitive function at age 57 years as outcome suggests that birth weight and parental characteristics influence development of cognition during childhood, but lose influence on changes in cognition during the adult part of the lifespan.
In agreement with studies in older cohorts, 12, 14, 23 we found that intellectual leisure preferences at age 12 years were associated with higher cognitive function and lower rates of decline in middle age. In the 1946 cohort, engagement in social spare-time activities (such as playing music with others, going to cinema or theatre) and physical exercise at age 36 years were associated with better memory at age 53 years, and physical exercise predicted a slower decline in memory between ages 43 and 53 years. 13 This differs from the findings in the present study where social activity preference, but not exercise, was associated with lower cognitive function and faster decline. However, it should be noted that in our study the social activity questions reflected preferred and not accomplished activities. On the other hand, the number of preferred sports activities used in the present study has been shown to correlate with a high level of exercise at age 51 years in a previous study. 24 Furthermore, in the present cohort, preference for youth-club participation has also been associated with a higher risk of later drug and alcohol abuse. 25 This might reflect the fact that in the 1960s, Copenhagen youth clubs were a social pedagogical experiment designed to assist youths in deprived areas and were attended primarily by low-income youths.
The present study included all males born in a well-defined area and prospectively collected information on early-life conditions and measures of cognitive function at age 12 years and at the mean age of 18 years. Information on cognitive function at age 12 years was only available for 7906 of the cohort members. Cognitive function at age 18 years was somewhat lower among those who did not participate in the childhood survey, but the associations between cognitive function at age 18 years and the parental variables did not differ between those with and without cognitive assessment at age 12 years. Further, only one-third of those invited to the CAMB follow-up participated. Those who participated had higher cognitive test scores at age 18 years compared with those who did not participate (a mean score of 44 vs. 39). However, the early-life characteristics showed similar patterns of associations with cognitive test scores at *P-value = 0.18; P-values for all other tested associations <0.01. Table 3 Association of birth characteristics, childhood leisure activity, education and cognitive test at age 18 years with cognitive function at age 57 years among Danish men born in 1953 (N = 1965)
Standardized I-S-T test (age = 57 years) age 18 years for those who participated in CAMB compared with those who did not participate. The similarity of these results suggests that for the associations examined here, there was no important selection bias resulting from some participants not completing the cognitive tests at age 12 or 57 years. The two cognitive tests used at ages 12 and 18 years both included verbal, arithmetic and spatial subtests, and thus assess the same cognitive dimensions. The BPP test used at age 18 years correlates well with the Wechsler Adult Intelligence Scale, 18 but we are unaware of any studies formally assessing the validity of the Härnquist test used at age 12 years. However, this measure was strongly correlated with the measure of cognitive function at ages 18 and 57 years. The high correlation between the results of the BPP and I-S-T 2000R is partly explained by the overlap in test content because both tests include verbal analogies and number series subtests, but the three cognitive tests are not identical, and the substantial intercorrelations observed despite a follow-up period of almost 40 years strongly suggest that all three tests primarily reflect global intelligence. This is also in agreement with results from the Scottish Birth Cohorts of 1921 and 1936, 3 where stability and change in cognitive function from ages 11 to 70, 79 and 87 years were examined in some 1500 participants. As in our study, cognitive function was stable during the life course, with correlations of $0.70. Consequently, we assume that all three tests in our study are valid measures of general intelligence and can be used to study decline in global cognitive function. Consequently, in table 2, the significant predictors of cognitive scores at ages 12 and 18 years may be considered predictors of global cognitive development. However, in the presented models, educational level at age 18 years is included, and this means that the other early-life predictors significantly predict variance in the Härnquist and BPP scores that is independent of educational achievement at age 18 years. This measure of educational level correlates 0.69 with BPP scores, corresponding to only $47% overlapping variance, and a supplementary analysis without educational level included revealed that all the other covariables were significant predictors of cognitive scores at ages 12 and 18 years.
The I-S-T 2000R scores at age 57 years to some extent not only reflect initial cognitive development but also age-related changes in cognition. The multivariate analyses in columns 2 and 3 of tables 3 and 4 without and with BPP scores included as a predictor are an attempt to separate prediction of development and prediction of change. However, the same cognitive tests were not used at ages 18 and 57 years, and consequently, although standardized the residuals from a model including BPP scores as a predictor, reflect at least three sources of variance: random error of measurement, age-related changes in cognition and differences between the BPP and the I-S-T 2000R tests. The correlation between the two tests was 0.70 despite an almost 40-year retest interval, and this suggests that error of measurement and differences between the two tests contribute relatively little variance, and that the significant predictors in column 3 in tables 3 and 4 may be considered predictors of true change in global cognitive function.
In conclusion, this study adds to the literature by showing that adverse social circumstances early in life were associated with lower Table 4 Association of birth characteristics, childhood leisure activity, education, cognitive test at age 18 and socio-economic position (SEP) at age 51 with cognitive function at age 57 years among Danish men born in 1953 (n = 1447) a: Variables in column are mutually adjusted. b: The estimates in this column reflect change in I-S-T test (at age 57 years) from BBP test score (at age 18 years).
cognitive function at ages 12, 18 and 57 years, as well as with a decline between these ages. Educational status at age 18 and adult SEP seemed to mediate a large part of the associations, while childhood leisure activities were independent predictors that did not explain the observed social inequality.
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